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microscope  has  resulted  in  extending  the  resolution  from  500  nm  to  100  nm.  The  tech¬ 
nique  of  dark-field  ion  microscopy  was  developed  for  correlating  surface  relief  with 
chemical  contrast.  ,  - 


fu£  COW 


20.  OlST  Rl  BUTION/ A  V  Al  LA8I  LI  T  Y  OF  ABSTRACT 

unclassifieo/unlimiteo  Cl  same  as  rpt.  □  otic  users  Q 


21  ABSTRACT  SECURITY  CLASSIFICATION 

Unclass i f ied 


22*.  NAME  of  responsible  INOIVIOUAl 
Dr.  George  H.  Morrison 


DD  FORM  1473,  83  APR 


22b  TELEPHONE  number 
(Include  .Area  Code) 

( 607 _ ~  255-361 4 


EDITION  of  1  JAN  73  IS  OBSOLETE. 


22c.  OFFICE  SYMBOL 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


.  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


FINAL  REPORT 

SUMMARY  OF  PROGRESS  DURING  CONTRACT  PERIOD  (7/1/83  -  6/30/86) 

I .  QUANTITATIVE  MICROFEATURE  ANALYSIS 

A.  Superlattice  Quantification 

A  method  was  developed  for  the  analysis  of  A1  Ga,  As  by  utilizing  the  observation 
that  secondary  ion  yields  and  sputtering  yields  are  linearly  dependent  upon  sample 
matrix  composition.  Calibration  lines  for  Be,  Si,  B,  P,  and  As  were  obtained  by  use 
of  practical  ion  yields,  relative  sensitivity  factors,  and  relative  ion  yields. 
Calibration  lines  formed  by  using  relative  ion  yields  provided  superior  precision 
and  accuracy  (as  demonstrated  by  superior  line  reproducabi 1 i ty  and  linearity).  Rela¬ 
tive  ion  yield  and  sputtering  yield  calibration  lines  were  applied  to  the  determination 
of  a  B  implant  into  a  GaAs/GaxAl ^ _xAs  superlattice  sample  (4). 

In  an  extension  of  the  above  work,  a  point-by-point  matrix  effect  calibration  was 
developed  and  applied  to  a  variety  of  A!  Ga.  As  multilayer  multimatrix  structures 
grown  by  molecular  beam  epitaxy.  The  procedure  employed  uses  the  linear  dependence 
of  secondary  ion  yields  and  sputtering  yields  on  matrix  composition  to  quantify  depth 
profiles  through  matrix  gradients  and  interfaces.  Through  the  use  of  these  calibra¬ 
tion  lines  the  SIMS  data  were  used  to  determine  the  matrix  composition  at  each  point 
through  a  gradient  or  interface  which,  in  turn,  was  used  to  calculate  trace  element 
distributions  through  such  structures.  This  method  can  provide  accurate  results  in 
the  analysis  of  samples  far  too  complex  for  conventional  quantitative  analysis  by 
secondary  ion  mass  spectrometry  (6). 

Various  explanations  have  been  submitted  for  the  variation  of  secondary  ion  and 
sputtering  yields  with  matrix  composition.  Popular  views  include  an  inverse  variation 
of  relative  ion  yields  to  relative  sputtering  yields  and  the  reported  correlation 
between  mean  free  energies  of  matrix-oxygen  bonds  and  the  observed  trends  in  ioniza¬ 
tion  probabilities.  A  study  was  conducted  to  investigate  these  two  principal  explana¬ 
tions  using  relative  ion  yield  values  from  trace  and  major  elements  in  various  Group 
lll-V  compound  matricies.  A  strong  relationship  between  relative  ion  yields  and 
relative  sputtering  yields  was  not  observed.  Alternatively,  a  very  strong  linear 
relationship  was  found  between  relative  ion  yield  and  the  average  bond  energies  in 
the  sample  matrix  to  oxygen.  For  elements  in  the  same  column  of  the  periodic  table, 
a  direct  correlation  was  observed  between  the  slopes  of  these  lines  and  the  ionization 
potentials  of  the  corresponding  analytes.  These  trends  were  found  to  be  informative 
in  comparison  to  theory  and  in  the  prediction  of  the  relative  role  of  matrix  effects 
in  specific  instances.  Thus,  the  observed  relationships  can  be  used  to  improve  the 
quality  of  both  qualitative  and  quantitative  SIMS  analyses  (8). 

B.  In-Si tu  Ion  Implantation  and  Examination  of  Ion  Implantation  Damage 

The  primary  column  of  the  CAMECA  I  MS- 3  f  secondary  ion  mass  spectrometer  has  been 

used  as  an  ion  implanter  for  the  purpose  of  generating  an  internal  standard  into  a 

semiconductor  matrix.  This  technique  extends  the  quantitative  capabilities  of  the 
ion  microanalyzer  for  depth-profile  trace  elemental  analysis  (12, 16). 

Methodology  for  successful  analysis  and  quantification  of  heterogeneous  or  mixed 
matrix  materials  has  been  outlined  for  the  case  of  biological  materials  by  this 
research  group  (l).  The  procedure  involves  implanting  the  material  of  interest  with 

a  uniform  dose  of  an  element  not  present  in  the  sample  to  serve  as  an  internal 

standard. 
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magnifications  from  250X  to  2200X,  and  smallest  resolvable  distances  in  undistorted 
images  to  100  nm.  This  is  necessary  to  keep  pace  with  the  increasingly  stringent 
requirements  for  the  analysis  of  shrinking  features  in  fabricated  VLSI  devices. 
Conditions  for  ensuring  the  formation  of  undistorted  images  have  been  given,  and 
the  performance  of  the  instrument  under  these  conditions  were  evaluated  (21). 

C.  Establishing  the  Dark-Field  Ion  Microscopic  Technique 


Dark-field  images  are  observed  with  the  stigmatic  SIMS  ion  microscope  (the 
CAMECA  IMS~3f)  by  means  of  an  eccentric  contrast  aperture,  and  are  a  useful  extension 
of  shadow  contrast  imaging,  provided  a  narrow  energy  bandpass  is  selected  to  minimize 
chromatic  aberrations.  It  has  been  demonstrated  that  the  dark-field  method  is  useful 
for  correlating  surface  relief  with  chemical  contrast  in  the  compositional  SIMS  mapping 
of  conventional  ion  microscopy.  Further,  based  on  the  information  acquired  in  the 
dark-field  imaging  mode,  digital  techniques  to  compensate  for  asperity  artifacts  in 
conventional  ion  microscopy  have  been  proposed  (20). 
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